190.2-064.L) CCS ACF af Leas cy pop og Cane tanta 


/KeBO | FUP fei |OPEURFBUNGON 2 Uf @ifre fy 
"FNGIEIELRABUNGOE y@lhiz oH PED Z 


“DBU file apEENide * VADER jt ayy 
t GHZ 

N§ oe iMEF TMEUITI LOVE ART | FLEUR] UREDNIAE iyclacaahur yT IED 
FU CHEDAD dic HLRAURIAEL CEU oN ORME GI IS El 2 3 ASIE LE 
Gnsqhif oid EroHDZio Op ING iGELEl 2 URAROT | FRAT FL EKA 
DAD WESIAU D2 JN ABET i ULL ORO] DADE ANN! JOE Lage REN 
YaoDape DAI | SOEEAR AT ye Eq, IND yobs BiLag ype! 2 
cia zys| LOSE iGLEDaD Zs 4 Et ht OG] Oboe gag] 
heUED Zo| fit oicLE GNP DEA GEPE Lagi bots Nig I HN JOE Leib p GaN 
& ANGIE! RIEL bo JOIN FN E LEE iGaD Le Sho fS TON IN GAH 

~GISRE! OPER 6 gERODIN § VOTE! FOE UR apr Ape 


at} CARA Ke Uf 2 feTAhLst off Cz LIRA FT ABARAT H'Ge $@ OSt off FD 
LIGO 

Y¥ D4zd¥ -+G0GCF1 Ail +2 ONES GURF DD’ 

LY Dézd& -+GaGalet] Aidt +aPZ OME S URE DD- HED 
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On!f OAOP U' aut fept!G + @hedZ/} GRY K Gedo Df Od !f OAOP OSy Hf #1 feb 
+@eA !f Dif 


‘| CEN] UDIEt GEN 

Aor Uo] GENET DE AEE aipAN | FOE Laie bd eS 2 UY IEE FL Dt - 

hoaGUCEAR Uj GED Fag | HEsmart pigs Hise! <qie GpiPN| GLEUCE 
Up Jodi Jongzt) 4a iF aa (€ PN JNIELED EU ye Oe Kio Distal 

rasp sempre Le" DNC ANIA AE 


DoyyDZoz Las IDE RAE Kio DE] DR INGS KPTagE UDF! ist - 
Ua HEs NN UF iG j 

A PNIEVORLR Roop i gas 2t SEG NANGNJIEL Uybiaist - 

UoDBHE Ding figise aN jHA NSIT AEG GET DshsuTHap niga 
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LGO.2-Gq.L)  OCCS- yAF Ffaif- LReTAaYA> oR dae Af Dae Tat acl + DZ 


‘Hg Z 
tUGHY + ZGiT 'f OUShijezRf + 21Gb y+ df LAF Oy Y EOS HAF RS 
OUT OLLDyauT If Layendi Hf eda Ohad DEAT OF Kd FeKY Aur 

2c Rafe Clb AK OX Hey HBF Y Rok ORF IC felgeGp yeaty 
Une Pf Oddy 'f USC dP LUFRLL_ PNA LF t nef thbelf yuP LHZIS> & 
Odi 'f OUSU' Adaif LozaRaaajATpANA Gia yf + Ato! leezd eld gA 
IRUN|OUSIGU ok BaGaay- HBF LAdigdy4Gds Afo Y AokKLDL 4 cea 
UL fiz? OU St G)cA Gal GifcoeA Lif CHD Hapa + OG Gulag. | ICG fepif 
(2p ||EGHEDLG Hf IANO! EPR dp UE Died EPR f LeckeU NEB CHIL 
CE ALA WORSE KEfen|f LUT upd FeHAHNA yoaey OAD LEUS 
. Lede OS ORGLE'F CGE 
Dita Lf yA Df Oy OS +H LOR + Acai NOCHE Aotib Liv zafeelf || Gil 
TYPE Ot If O5t Gk KG@ENIOINA yG (Naphthenic Acid) @fU' dz LF 
+ Actip iNOS Lfiodif U' zn @ .p) Odlf OPK Ke God H6y Hf + foo) 
Lids Gif U' ot yal EiAf Onl OSH!GUF yiaef LizDIA yout | eGeRED 
KGinebt Ud Lhdxy@uTef 2 Aeb 2 Uff ydzy-HRf ac UW] fAP 41 feb Oe 
4 MitodkikGacuu UA Lienif +Zet Alar fA WEP 2 ARIA Lllefeoitf 
Tt ytThe Acct Ocak GL. 2 UCASE yHROSOAT RPA KRHA U' chif 
Lio O5.(5.4.3; WAN(Total Acid Number) Ou caf ed@f OGAn!l Z5GAD 
Bulg yuHBe + LGef OSTA O4yj 2c AoL MAU NJA EPUF U' 246 LID 
ew BBiU day ADU BPEL dF dA fod® Gadhy UPA hu dF NAF 
Cud edd KT feb || RA Io) W caci2 " BY !@if CARR Mec," Die Ladp 
KRU de OK Grdz !oyibiKKLP_4cHORf + Gu 2if KYGRABY ye Gu zIf 
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Od!f OA0P U' aud febt!G + @redz/} RY K @ ed ya Df Od f CADP OSyHf #7 feb 
Si 
GddayAod? PH +cPOSHAT t Ato tip OG CARA ct | BY @feo'f 
fifetf E20 aA t.7) Uf Od f Cee +A KYfoAf ObyHBF ya KI loi fib 
ACLLIBIT o!GYPUS yodeit feb RAZORS yA v4 BAY BaD yADIE Liz 
1ugef AUT OUOY!f CUT Af OSt @ 4 2PUF ydeef yEEaAHIGUF yelp 
Deut a Au fod2adikQuu & LizfedPH2s eGA K@Hyf +ALLR Ou dat 
KUNST F Seu PLKGfep OR .3) OLGEP yHBF KUped' «P C5 Dag iGHA 
HUAN af Lid aA K@Hif HUA lefeolf KGleb Ages yd sHBf KUpedZ 
Ohio state +Uzd% OUSKU@NLKGfepf U’ zh) UAH Leg Bed2y7 Lk 
Wesic, S Wlernandez, S UM#PIf Od!f OSyHif KUped4 ng LUKE CAA 
yUHB LW xo'f OSt2lT det aA zf HDF ORR F LUAEF FA Cb LACPA 
OUSKUTS OURIA NJ fAP U' ztotgAt || !RA Def Ost VIAL Wziiffetf OS 
LpdZ4y aAodxy !RI A/G UF Oy!f O51 Gaaif f FAP! t/KB KGfep 
Yut iA Gu Adaif LuZoylf d Aodk IKEA KGIBeIA WLinAcrifA Ka@isf 
+ fA QA GSA HF IANLDNREY KenpDQA .110) off... DRA yectf 
Lhida SezdiA | Gap K@zdiA Y CG RF NRE!) fizh fio | lot teqaxlg NEY 
KAT If OUST @ aaiai | ZR fi RAACo, LE Dif yHBf ydokyuP 
yUHBF YEBKOBLIGnIf Y feu f 2gkT IoL PoRh LW zhs evIA . LeePUF 
Y hit honkaft @iinif € If KYengeaa Ob fAoh iar Uf U' cht ADDR Sf 
Gu Golf ICU Get |B + eq A OMIGMILS Cod4/G-TK OS DE KORA Liaen|f 
€ Ulf KifnieL BAe © .LfedPOY | BAB t haif + AT tO" 
AG HEUBIPSEPUF nifA Wfaen|f +Zet | PRK GAT EZen OSt iif 
AG UG + Zev, HBAS Odtf Lian LG. Liaenlf OLA + aeaif t fAP 
HAdE Ob yHiaf KUbed£ Heth ye ThGi26360°C ipo C5tdG lefeolf tnep 
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LGO.2-Gq.L)  OCCS- yAF Ffaif- LReTAaYA> oR dae Af Dae Tat acl + DZ 


Peter K.W. Herh, Bing C, et al .[12} UDEREUT If Hand yidFlaldxiAaey 
OARS YRBIF HG yARORAtU PIdetnAelfzZ!G C5 Od !f OAA® fA ep 
Oxf HOG O51 AAAI O& + Gif 2 42k GHW AGI lefeolf KGep Az 
Din EA fidtdalé dent | def FAdP YT okt nd tu Pldzefeo KGep! '9 
DPI Oxf y|L} dow OSE SAP If INC DL HE .(13) FAAP IATA K Ggen|f 
COR FAATH DAHA Uzd4 GAG Kf yeGdteaF LIGYDOS y4Tk ORFA 
HBF O5t (AAP Od'f 1G! CHT If 
CByHRf ytd der ydFidid# Gos DV inte KUAGAE LY? H I 
CNG HBF aCe F Cbekf OST pe KgnKUAG dy AN Duo UMeAf Os 
COUT fT BAY] SAeYA VHRg CAT Bin A yoH¥f y|L} daiTpO5 Gif UA Gift 
+UZGb+ BATAF IRIN 'oi GAKORF 2 Ab INDE GI#!AGdDA . Ofed? 
LRAGIGIZ CA If Df OY yILOAOP U' zh) Aden tL feb Ker ijzkf 
KG @ediAt U apa KG Ged NcayUP LYsHBe OS lead K ferd2G6 Gib 
4 @hBdp 
SHEBEIEL JFUSEK 
" monitoring pigs" UQEDEQZ> Hale! fil z 
§ A SUfAdaG hyd dek YRDDs @O LE yyHRF > @! t/de+ dally LeANj 
yu DF $ Odg or AS OcT KyeTHOD HS Y ADF > @G KAT Chia! GAT 
DEEDLLDU feu youd U1 Gp fara VHB Y AnbF HGAU' Gift @ LZ 
O53 d#f | ezdaid# BiAK dav +1 feb LFbDit px aNal2eP G70 pigging 
GG] Diki HAY Acipl loyAT ADIGE feb CZAR || IRA y Arif ffm 
Rett | A+ ROGGE GUE OGPU || 'RA.(s]Wanzant «Cordell LhpLpaAq feb 
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O4!f OAOP U' aut fept!G + @hedZ/} Gay K Gedo Df Od !f OAOP OS yf #1 feb 
+@eA !f Dif 


LDY nda EPOK Fees || CL DUoy Ani yoke TEhipig 2 THY YPDUGEF LWZ 
LYOTR KfCCABS BAZTIGY 'RA" pigging " HEAL GUKOGIPK 

' OPEUREF iGatk 3" Smart Pigs" UAEDLs TINE] ZHPHEL NUHE 

+ ZARIZ Hf Lin CAOP yPip || Cok yHRF LE 2 THDKYADLE leas ONA 

1 fait yHRF Nj Ofu2 T+ BLL WteAIdK DOK AA Ws iyRbIf Liaenho 
LhZ +nkejA Pf 05a cPUF Y Ae'f fiiok yi OUIRZ IoG KDA fo 
LEUDYA GAIT RFA WOOF ACE aBet Y AZA PIF Li SATA Well] Rf 
KUYeGR p<) OUP IF OUSyu-HBF LF NAG LDL pcaORA aac? Gip2y AztfA 
ADONIOP Kerk a1 eked P yiiR KK AARDLE 2 T+ C5+@G KUAGdP 
fede f ytidY RU’ aGSUDLET + BLGH+ yrAdzs Gf HORI KYCEALUS 
. fod ETRE OACT! A CAOP IF OByRBIf L{gen 

MEL (Magnetic YAULY Lid@NA" Smart Pigs "yY@TORODOL Ad(1) yETHA 
UT (ultrasonic Test)AUINj@PUF V¢THA ULi@en lf Y AML YH? =Flux Leakage) 
tudgod#fer|Dt AIA LUZ 1A Ngo) y4TIF OB NZcK L-CS GANLinE A 
5UsUf 





[14] UQRCOE FN NjFB| NG ED! = TIE! ZHPAEYREC) UTE 
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LO.2-Gq.L)  OCCS- yAF Ffaif- LATA cf dat Af Dla Tat acl t DZ 







as : 
re re ) 





[15] GT AROT ECM (+) ULIE a 
KGPdt 12 BOG EnyA Wp Pek OR | @GHH LY? !ayAF Eni 
COT KOURFIGAT SASKGGolf Lod |G Cnif 2 !Lio | BAKE dP 
Dad LixPRf KffoA CSLPPA GiGi fA+ GAT If SASKYEGUFT hi dow! HZ 
Aho GPAT Kk Dad ped Perm PR NPS BO LE ROU Gin!Gdz 
+BY 
RUNA YBOF LePat diuS! BEY KGGolf 5 AS GAT f SASK GG! yer AK 
yu z0fA Ldy-HED Vos #4 CDLAMA U : «bar | fo Ozu DEUX EGolf 
LY Anil YPip eiter§ Z2KLDY NOK ABU IANA H+ LDEGEUS 
LAUT OURF Lf2PRE OAL HA Ode yeThehuf +daz yUP K Gaiadlp yelak 
yANO LpeCAgu d¥4Thh PPKK EEE IANIQU 2A. Kurt dz GALp Ee 
Dadi00km | UaAIGOLD 4H w LPR gd @ LpwMBU OPH 
Lidype zat K GLEE IRNiy id OT, K BGA feo PA> OAT COSNBE K 
"two odometers" LiffZ YUP 
1OBLAFLS Leda DELY yoghBwRD Zhuf + doe yipNoatw HEL YT LG A 
ORF yATIE | EABAKEEo'GE Gif Bok WAT hz Gif + daz 
LIB OLBRUPUF ytd OKORIA y Atif off LE = Golf yur At Seda ck 
§ AeuSydteT Gt pizt OMIA = Golf Lins DAef + Sed OSKAT If +Z 
KGGolf 2 BUHL A53) yeTYAtl Gah beef 
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Od!f OA0P U' aud febt!G + @redz/} RY K @ ed ya Df Od f CADP OSyHf #7 feb 
LA 'f ORB 

:OISGE VT Gif YHBE | lo AibF ofA = Golf Lind 4 odft Sdy eark 
Lflizd?t ulLLHz!G LIBYAN offy OSE pelf yd Sb dF IANIK Bek frp 
Yel KODS OBE 

HG yr SEGiy Aiby of € pehLio | EARS | A SEOFINIKGhA Ga 
KYAGUF IPNJOS2fed% GRALKS FeO || CA LY ANU Offn! Onecif HBF Liz 
LY OGdz. pe yirP (fetaR KG GEEIYF Y Fund POOLDL4dai Hf YPER ytdz 
ci. 


3 ipe wall 
external corrosion P P' 
\ / vA 
A ee pees i 


—~. 
-— 
-— 
-_— 


{ A 
\ i: { wre 
= Zo ae 1 
Oo ; ‘ : 
internal corrosion 


“ UltraScan sensor 





~—B))))) 


SO= stand-off distance 


1200 mm 





1200 mm 


Ultrasound echo tim technique 





15] Ki Rfe JES 2 Re IDAs) UTE 
WU QED2 = TINEA PGE -* 
‘Ss AE OELA REL - + 


CUP FAN SEK LE GES lof ct LUFHHA DEF Onl yILiy GeLF OP ANY 
24" KKx 0.375" Grade X52O0140 ef HUA df LANA) Kim «14 miles ) 
\4ve Di UP YT GDA YY If OGD 
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LGO.2-Gq.L)  OCCS- yAF Ffaif- LReTAaYA> oR dae Af Dae Tat acl + DZ 


GAU 399 Dt COyHB LE t GRA Ofuf dae Kdz ye LE t detf + doy 
Lope Oy DBF LW2 UUFY AokK yA Thole NRT A/AT off Diz 
YAT oDAMatlab) Noth OS Def liANivale yEGhd ohPFANIyUP LazgZpA 
VHF KUG LiGtoL WEG y4THA(c) yETYA (2 yATIT OBGEKGUPdZ EZ 
OUP yo FRE HAGAGHE 2 OPIF DEBE Od OP ANA LE Aepalp OPH | EAeUP if 
yiprart UF KGa Ko UNO ARA NBTA yHBF LEG Gm LBA OAF DT O4Yf 
5L X52 ObHf HARE LYZY. +) - y+ +0) Oo Ling XSle0P'f $ OGGHZ 
(Y) YEUTIEE nbgeG THA SUT sAudf UWAdaGhE odf YPOK CEPR fA 
yusBf Lie a@k_D+cat Gf YEU iA LWHBF Of OBUT (ultrasonic test) 
SD HAA § + 1Af Bec lfoddnewyfA ObFf 
r+ aNGINRKORE y HBF KUBdARIGPU GEA BLS HANILBFT DE dp NEA 
lau nipdéMatlab) Notehs A Geto fens) y4Tf OSenibk Y An + AL YZ 
KG eedzdD PRY Z yt! +UBOgea!f yAde @ LNDPAHEP yo 
DP Od !f OUP CS GRU - U’ ezif - yA - sda + @ Lye aae 
yHRF LE 2 TH yE*Dyrij OLPNJLgcii Bf cdf WX Gs f ch 2 OPH 
Ludiper UG cate KGUT UF yo UP f | BeeACP OAUF LEGF fittotA 
+ UL feb Lid? SoG Hp L¢daGe en id#t oPLAREn FRKORF KGUPAE IAN) 
FRUNIL Ji. Yer HEADIN TA OE TNRG Gane 1A NIRA VHF Y QD 
L(G+dF GfedgdZPf yA | ACP cAUF LEGA WER f YOR LOUPdE 
QU AUF yUHBFt d LY efok OPS LEGA IAM WW’ Pig YEeUt & LZ 
U cA yA 
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Od! OAOP U' aut fept!G + @hedZ/} Gay K Gedo Df Od !f OAOP OS yf #1 feb 




































































+@Ay If Daf 
Corrosion (depth% - length - width - Orient) Distance . "measurment tool - smart pig" 
80 + > 15000 
=A c | 
se 60 E 10000, 
= 50) s 
A 40 e 5000 
30 7 
20 + ______.__ 0 ee 
0123 45 67 8 9 10 012345678910 
(a) Distance [m] x 10° (b) Distance [m] 10° 
800 : 
10 | 
— 600 i} | ¥ | | 
E | 3 g 
E | | II O | Wt! Mct Lu I 
5 OP) I - oe ot Pr Tey 
5 \| | (T ‘ | S | 
> 200 IM y Ui ti 6 
ii Riya — “Albu Sli la ; 
012345678910 0123 4 5 67 8 9 10 
(Cc) Distance [m], 10° (d) Distance [m] 10° 


© aCe! OE UR RUC eK 31 4 ¢]EAUCIEL GOH AA AT N(4) ULE 

USE! OE Lapp bla - + 

YILiOl delf OPDYHBF cfo Day gaya 2 ap if Dif CAC Oby-HBF Lind Go Z 
730 OUPDWGIoyANHE KO | 'ol] ATES Lp2cke i KF YOAF DT Oy 
OG digyAni dtl lod FF ykUods p2ctyA LEKI YN? !RA Km 
VAD vod fife fOP LUZAOOGF yor LDL | GEA CAS59 km 
fRUN I Ond\7.92mm eAKY AMF ofan! + LGA 1 eC EEF OPDE5.5 km 
Loe'f OPDANjy-HBF CfiuA OPI HG LE e@|RAA LE Ae | 'of dé LHDPH 
(KO - £ da) 
85.5 > Aehidh W\dBaBRY yAOF :OGZUP if | Ha def NEL KenpLaA 
VUHBHIG 5494 CGKUP yA! BAzou fAf yHRf ONpdd PH enim 
YUHBAU NB! [fo OIA VHF KUG yARGig2<v UP yoFT ZveAK 
Ye AK Ou Ad ORF COPIA otk U ODF yyRF KUG LPO GHA Onew 
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LO.2-Gq.L)  OCCS- yAF Ffaif- LATA cf dat Af Dla Tat acl t DZ 


Uy AL tif + ULGAL Ha Gfel2 ult es GAL yei0Pf YAO | GEO IBS +f 
OuP!f +ULBALHZ%c+ +AUHOD yHR KUG AKU NGUUPdE end! & 
HULBALPH4(20-50) +RoHONODRS yHBF KUG Dizdt Df | APA, 
> Gd! +h YAS Loic ef NEY LW KoA 4 THA LY Athy 
SUB (GNF - U eZ- yA- dh LED v-HBF YeAK Ou AO yHif 

: ORF COPA 


Internal Corrosion Data of Heaw oil pipeline 
length of 85.5km, 18” Game Homs - Tartous 











Max Depth [%] 






























































6 8 8 
Distance [m] e410. 
10000 ; 400 
8000 - | 300 
€ € 
—E 6000 & | . 
< < 200 - | 
D> 4000. o 
@ = | | 
100* ’ 
2000 Li m8 i. = 2 
“ y| @/@|\\@ , 
ot oes: ss ~y , ; V/ 0 e 3 eo f 
2 6 0 2 4 6 
Distance [m] <410° Distance [m] £46 





(UJGE-€ AY UNY'- SDZUISRECIELRSRUCHUT aye JOH FLY GEUUOR ZiT IE 
Odlf 2 GP If Af Od! LIDP HF U+ CB(pigging data) +apAf K@zdpydGk 
ORF Lika yf DaeAf 
RaPHf Odi 'f OUSGIGZENZALE GP If Df Of CADP O5y Hf CNd 
GAS 
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O4!f OAOP U' aut fept!G + @hedZ/} Gay K Gedo Df Od !f OAOP OS yf #1 feb 
+@eA !f Dif 


yudd aGi2 GPif DEAT Odlf OS HBF LUA OHsf + ROLY YAODIAT YRS o 
YUHRS yiiddAGU2aN2AT ASO ee YHRF LPLio | AO eey yHAF 
YOM CA BOD 

thi LLB2o.» LHZAT loyT KORE ITF OBIS yHBF KUG U' zhy Giljo 
Yio. YOAF Of HG OSG GNLU 2 SPI DAF Ulf OSy Ang! + GAS + LOA 
OEY +ABYAs +26 If Liny delf LUZ Bat HOdeI daz + ABODE YAP 
OANOP! + Ruliy-HRD tod Adel Lio | BAP opp DF Od lf CADP 
YVGAS DEAF Ody 

OUSyu-HBf +1G ONA OP CAUFHIGIF | ACdzT fea G NEF ANIL PE o 
2 PY Af Oty 

Id Abt @ YHREt Afp O52KUy 2oaf NINE OF LANG Li ho Gaz 
uNwpuEUORGHES YGeRit @ Losin Yeti yR Litegiy LUDNy def 
ORELRHEFS Galt 2! cq Td dNAIERNA|Nigait BT OE.) 


Mechanical properties of carbon steel pipes 


API Spec form Tensile strength Yield strength elongation Other 
Ksi Mpa ksi Mpa tests 

SLB W.S 60 <1Y Yo ve) See5L  — ------- 

SL X 42 W.S 60 <1Y Y YA4 See5L  — ------- 

SL X 46 W.S ay eve £" wyy See5L — ------- 

SL X 52 W.S V4 £00 a Yon See5L — ------- 

I OREUR BES 1G0ke 2! ce Dipl cng [ERIN]! SPORES i ANE) CNGAE 

ASTM Spec Pipemaking C Mn P S Si 
process 

SLB Welded 0.26 1.15 0.030 0.030 

SL X 42 Welded 0.28 1.25 0.030 0.030 

SL Gr X46, X 52 Welded cold = 0.28 1.25 0.030 0.030 
expanded 


FL fep Dddi Bf cdf yHRF LW delf + AOL yrit k2 OPH DEAF OA yj CAOPA 
.Li@enif 2 A2bA LfediA Odio 
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LGO.2-Gq.L)  OCCS- yAF Ffaif- LReTAaYA> oR dae Af Dae Tat acl + DZ 


ORGY yAOED Hi CGY IS ALeFedP K eda | dpaF KGDadf LfndreDy 
OncA Git? yank Hifrd kK GA OnAARIA 

Fipciangte Kg 

OPIf Loa dfed? KGef KEIO @ :a)cAGHZPf LHR Pal K GFF #1 fep 
KG doe KU dz hu A WR OPDBUT UA yfafo UF KGa Fehy IRA ye 
L@SyuT Gif OhuDBBA .116] CANSI/ASME B31.G +5 fAdbwEA GUT UF 
| URACUUB KUCZDUUP yAO) BACHE + DHAaB AT |If y4RF 5 G2D 
eAGink Off LEG Died H5|| !ROGHA WOT Uf Genoy nd Oe EGF 
K@edh| ZAP K GES d fooPajA WPF HAL HH °+ YHBF 5 dé Gi 
‘" Protocol used ‘ORF ANIGH feb Obfeld? Nnid?} @ UiecAGil? ered? 

GROREPp!f yd EK (Our e2fA OAC LENA RUF OS Loo pA + Lcetf yak « 

ADCAT SHAG dfede KGPDGrinding & etching) U @GRAYIT 'f ferve 
etiaptf yefAcl zat UA # lgelf yo yok LENBROF Ut: O65] Acta KD IIS 
1 AdPTHAIAY dyEPR Gy 'hA 

YUL LUBA cHRUaeNTdZAT HD pPUA)des Oldpydal CAT 
yas, UF OR2 T Rg POR ikcisif yPips OMIFI Z4Onf yd PRIZHK 
.optf Liz + fodi Rf yT SIRORGEES yHBE | egoRf 

"A"Scanning Electron Microscopy (SEM) "tl@DMAeK!f i enpd2v « 
Gpa+HByf 5 OG9ZIEDS) Energy Dispersive Spectroscopy 

COUT DEFG Gif $ fe PUF Ct AR YT SAX THY] ff SOHIZEDS" 
KGBYA 

HOIGP es Cl, S04 7. HS’. CO, ORF (GfedxdZXDYT DAE yak « 
GEA Nock 
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Od'f OAOP U' at febt!G +@iRdz/t diy K @ ed 72H} Df Od !§ CAP OS yf #7 feb 
+@eA !f Deep 


| UlgyUT kt|@e egy ykThy-HRodP OP If LaledGedt’+ lof + ANDRE - « 
yr | UloGGR |Kycl INA RUF Othe OP if DEF Os'f OP +\A2 T LLH2AD 
LING NRF LU d#ulgef Our AS (6) yeTif Leap yHBF yd DE(v-1) SUEGZ 


DARE SUGGZADRAAY Aay 
: 
Poy 
»\= 

= 





el. 4 | 
itd 4 





Lg SI FUSHE UG Hisheyeroyte(o) UTIE 

SU QESUARZEDS "NjSEM "hokgll dAYIEAANDAS SIGE C- di’ 

(7) YEUTYA (7) yO)F LIXGZO5t Gf LZ) YOIA() YOdE LAB Pd 
SEM "tU@npdPleAT YAY: x 1 enpd2tkydFlG@DHenpdzeAT enlpd 
VETD EA Ou eZ yed226eAG dP OF YA yHRF H|OgxLT LiAnicrograph 
(A,B,C,D,E) S00G2OR\ 


326 


\90.2-9.L) CCC ype LierayA> ct ne af at 





J 
_. = 
oe ee a Las 
a : al tA - eal . 
j r uy ! —- h y 
rh ie F ! 
Pt 5 le ae Sa 
— Lh + ; b i” 
“un t e's) 
} s)}tv2 - Se 
@ 4 7 i 4 el | a 
> sie 5 
He an ‘ 
“a1 : a | s £4 Fy 1 
a fs 
« - yo 
J ae ee Ae 
: ta fi a ne 
i a =a , 
= t 





(b:¥) ULIE (a¥) ULIE 


JOA ch} LET AUBCHEHEUNDIZAN) «+x (*) LLBEAN (0-0-/) UTE 
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& ANZ 
yARUn!f Obt|S2d2T GxDieA RAP s OLR SIP OAEHIUF OsDIF ydogFA 
ULSD Yim SUZ" EDS microanalysis " | NAY ILE] AUEGHEHE;3) UNSIE 
havi) | T Plt 
Spectrum| C O |Mg| Al Si S Cl Ca Mn Fe 
A 43.99 | 8.27 0.22 0.62 46.90 
B 34.51 | 46.40 0.11 0.16 0.07 0.11 0.21 0.29 18.16 
C 39.29 | 39.07 0.15 0.14 0.12 0.09 0.08 0.19 20.87 
D 38.86 | 46.10 0.18 0.36 0.11 0.12 0.22 0.12 13.94 
E 59.82 | 31.68/0.14) 0.30 0.62 0.12 0.15 0.11 0.05 7.03 
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Gigt ra ally ay ILE! AUEGHEHELNDZANI) LEER AD AG (ba) UTE 
YeeX 
hoSUuDLe DEKEM micrograph "HENMAN IEUASZ bs) GTIE 
$5 UGlg? OUSA Pons od |LEs ciUFURYt SUedeaiol © UGE 
; (A,B,C,D,E) 
Dit¥imiDSUHZs "EDS microanalysis" | dNg{ ILE] AUEGHEYERNS (4) CNGHE 
holgifl 2") | [NGIEULED RZ 

Spacium [CTO [a(S [$8 [a [G@ [we [Re 

ee 

ae 


36.28 39.61 0.13 0.75 0.11 0.37 0.35 22.41 
C 35.96 45.46 0.14 0.13 0.12 0.31 17.48 
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: f eSAESUCHA EAHNGREDS"T chy PET AUELHEHEY-« 

LisU dy Ob y-HBf NYALPeripk ORA KESYA CLL DIRE 5 feRPUF Cay At 
yudyuHEf KERdz afeq!Uf CAT If eripscy-) yATYAC-9) yaTIF Uy,") 
vHBT NEALYT st yao 
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EDS microanalysis - long 2 
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EDS microanalysis - long 3 
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microanalysis 
Odij If & ModZORF (Gffed3dZ ANGLE! FOES BAIT 2p SALAEGGHE: - « 
+UNGLA lideng DG? 4 Nodkt IGE OF Cl, SO.?. HS. CO, KG@2dz? HZ 
(d) ORF yA f OS! Asiz 
VOPEURH AOEUHEHE(*) UNG 


Sample Results 


a 7 = EF = 


EDS area 











Sample ID: 2007-010738-DRPK-001 Date Sampled: 08/30/2007 
Sample Description: ID: Light Crude Date Received: 08/30/2007 


Product: Crude Oil Date Analyzed: 08/30/2007 


asmepan ie SSOSCS—SSSCSCSCS 


YARINYA()\) ytTIf O6enipk2 GP if DEAF Ody§ OSCaR DT yao + ndtA 
(°)5 Sedp 
HipPHiNgp iS higeits | OPEL! 2 LADERA NINE 2 GRD) NGA 


‘oO 49.15 42.45 








330 


LGO.2-Gq.L)  OCCS- yAF Ffaif- LReTAaYA> cA dat Aa Dae Tat acl + DZ 





; 1 15 
Full Scale 2309 cts Cursor: 0.000 


© (AE OPEL 2 EEA AUIELHEHE(CC) TIE 


‘1 Une UNRIELHERE -- 
" Crude Oil Rheology " UR#RfrUNNp 
OUNG nid ALF Or unfelpd @ LHDnAAE || ADI LUZ IZA VFA ITT fifo 
GRE f | EGRET || HALAL Ot VARA If ON AGHA Wade yA If 
yu Pies BdFE [If AEQOSK IAF SRD YAA If 2G AK Gag Wt [DZ 
Minhoypizd2u Bk: +215 Gaz Nd] Igigk GER GkE |'f KEQOSARERS 
Hi WBE Ulf Kho OHA VaTA Wada yA If i ZK yA HANI If 
KR lat+2if VAAN ff DibedZ(a.\¥) yTif OS Get Rodina GE HERUF Vfedz 
KUbzdgudekyGo OSGine! fileA aA Ps RA ONJOUDF enipay 
tUAIAF KEgIgE PoDy/AEAEUS KUped4 ROBE [If KYREOYT GA E [If 
(12,,b,c.d) VET 
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Rheological Models 


Newtonian Model Power Law Model 





| 
- Shear rate » | Shear rate 
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Bingham Plastic Model Herschel-Bulkley Model 
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stress stress | 
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Shear rate y Shear rate y 
NOELLE! BERRI 2) UTLIE 

YUNILIEDOLEBPUS Y ndyILif ¥ SER OSU AAD YS tif Oe Ta 
POAAY a ADOAASY || ADH || DAO 
GLA BG UF ved HGAE [If KYRGGLIGLOFAL Pe Oy :1 AOE HG 
+t PR Y GEUF Lief) CSV RE! OG Iot Set HAIER CF O5J2AbT filk 
HBF yA Ep OBCAGT HF Adz 1 
OOF ydeelf (Ged tech AAA Day + OG HG 
{Yy Atif LUSHBF yAdz 
Lin if 1!G - 
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f NADH GEFLNDZ 
OAS Ud KCL peasy yaw pak GA ULfepnif I ZVeAdK UH ho 
OT HB UG If RY NOS y-Haf | LACUS If + do LAA LHF + dio? OB CHF 
leeu fds Olgb fap? dae Kazi t w@ LHX 
Lp c2Ad Lif fRUNA y Athy LUDA Cen|f OSy4Bf Dizd2toKt dof Gif - 
tu doe DRA KOURA GniboyT OORF Ort a Lyteéup oaUf ANiyHBf 
+ GaP (GAfed TCA WELL OS YG)LYF + dae ORL OP IF LWXZenU Vif UF 
OdYA IGE LHX 1 dHGTKAA DEF Od CBIGHE 
5 (20 ANGIE EUR | ist 
+T @YAASTM KG faa! OF |f DEAF OWE Gif inAelAUMaz ARR 
| IPA . OLA ce |] ADDIE ADOLAAAY || ADIE yo OA If Calf YNA tne DD 
LPL gc Oef | BUF lefeolf tn2b LWAAwlefeo'f KE eh LWA gBBIZ¥CT 5 Hi 
GDL OLPLN+oaOR | AF lefeolf KE em CRA WHET 1 OF If ONY GIT 
BT 
yude CAT If OEE OSE |'f KBROYT Gt ohNBIa oth FNLWzHxeN 
OS HBF O5+!G'f IinNjCGaA | labaltefeo KGeps BA Hand! + qeaAK UedZ 
| UBEAYE dag finASU 5 Guy NICS LeATIGE KGALF CSNIDGR UA y aetip 
Y GELPOS HBF CSUA GAAP cok KGa yOR KDE yHRENT Gif KEY 
LE +E HUF + OGF YRIA UOEF ANILHE GRY Ket AF YE Y Ru IN 
Lf o& UHR t nid ha peach Wat APY ELDER + oth fri eRlf 
DerPlf Ody if | HA @rBd¥ feb Kerf DERI | Gif INJECT Gur Os chil 
KGIG | BAAT off DA ct ofp YA Adzy deff OP OSeGp2 PT 24 If 
OY) ATIF RR eG) DRPR CBiREPU | GL} 04 j 
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AONGERNUY) OTE 
CELCP OY de> if ARyAduis AG WAC. UF Liz emf nif BRAGA 
yOduf GBRALID | BEAU Pidh+ nels GHA | AG Lefeolf KGeb yG 
tuu PIge lefeo'f KGep OS! Gif +nAelfavG C5 TRs OUAEPdP > Tif AR 


.(14,a,b) YET f 
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| GAEL 

Lh dx ED odt H2ATLYZ cA 'f Wf Odlf KEE LAE | EAVAT olf Bz 

| UBEAAT off DX}SULGd2 HEADOR GHAA/AT olf L$-dFORF NEY yAGkz 
GAUE cit OSe@ Hef +Uodd. HA CPLK GE |] |RAT2 +UoddHFOH_ KEY 

Laud (15) YEUTIF UtGAEPR Ga Gif + PO f O5Nau A yhpOd || @ok Dz 
Gide Ld? if Gp! Li Ta GEPR Gb fH) Ge yer A Dice Ha 5 FD tT 
J NGLS +P LEZHEDZ 6) yETIGH foANj 





CPN GDGHGH 2 DEG CHONAEHNUL TIE 1 Una HEC) ATIE 
Nerctf OS NAP] 1340p GPR By RA roc tneif LHRThY CGR KdzZAA 
LGHIf yd Sedz feo LIPL ORPR fF yd#e°c +neAGCEHA LECKPDLRAP 
[Acad delif QUI OA If DEY Oat GILL 40H a AT |!f tneAf ONA 

.U! Uf Kok 
‘AgIGE 
Lhd? AeUbY yey 5 SA (PPA +}Uod? PAD? yenlaRl +Uodd PARE og 
LG yur A yipUadFt!G) LIRGIF GPOB\tu Pidk AD dGif lefeolf KGep 
(18) YETYA(17) YETI OSNREEY OL RA (Utd P ¥ H1G O5ALE ogDZ 
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C (re-\)) Di pPOURDst JEGNMLGD AREF *) UTLIE 

Hegel Side -* 
SE gt pIZ + GV.) Ac) 8) Y@TUF LUSH GER AAR AD AIREY Y pb 
( QAod f+ G=hb !QUOPARY ol feo OP +aiZ7 AREERU KURdgZaz  |If 
(12,2) Wha apts ket RO LAK HEU Vfed&E |'f GiigLsny PuLyA‘0.0” 
infelfZ foGe WiL}u Pidf lefeolf KGep Az t@jeolf KYeERF yd fo 
LEITH OG |LY U’ zhy GHA Ul2feolf KGep KfeteKydZ19) yeTif CSGE eb 
.2G/f OScyAiduf ) || @oRf x Ta eazk Gift» 
OnAuiAerf || ADEE RNa ezOLDL 3c OFA VRE ANI OA If DBF OS LFo 
> UtzkORA @dbf AAdA KAS LUZ CA If Odlf a AModd HH: |] OGKI 'q 
Un dye POU GHA UIS2dkE [If KYAEC DA Wat @feolf t fAPIF ak 
YET ft Ue OAUAd olf ye HIG! GA YR LY @ LUSH 5 IBY 
1 PEI K CHA URERUF Ved HtGhd OP 2 tpizhé pKipEiel ABOAAA!S 
OOF (16) +E Y SELF Lfefy COSY REIf 2Gthu Ser dA AES OGG O5j24p 
AB VEG PPE OBCA Hf 
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KG Ads froORateeng yAGe yHRf ocef CbyAdF oth Kf LVS Lip | AZ 
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ytid%EM" Scanning electron micrographs" +Ud4eRUF +UderpdzeAT If 
YUE | Kd y-Haf 4 OG" EDS microanalysis" OMR!UF Ost f yaouy 
ORS NAG LOSDADF ORGS yaouy 
i BABOEdep!f t|OdZ/HBf 5 OKDHSL HT 4Uf LWdE YI LPnA- 
ORA FeO fipolf A ALKGRGH4TK! !oi 5+ GH + GRD HTL FOS MAST 
RU Nj eGHF + FO OL FR ye BANA yoHA UGGib OS} death LUZ|ID y4TK 
+ Ud YOAUT FUF agar seSEIP yeTR 1 PID LIGnIf ydeZ ADK RABY. 
1 PRG VARS Lil +Uf SACL AS G NG !o BEF yeSLAG ATS 
ALPS. LO +! U' Pigkd Aodf ING yOLAS Lio OSliFqPRT fod 
COT AR YZGEA US HESLARKLY ypuf Olt +Uf 4 Aod# KiRS UES 
Lh dk PAG 5 OGGE IAN ADZLAGAT PALF YZGRF ANILINSH Gif IRNIyAd205 
PAUNAt U@ LpdZai 4Uf Gori 5e5GiP tngLLAY VT Gif yHRGDZ 
8 etrPUF LAFKL{ix OSPALUF CADT fk GiingleAGd# dip CPA +155 Uz 
Grip uzee LAK OST UF agar GIP LE tae yay ye dk. ANG 
CSULAET VHB PIKIG Galydaf DELOSedpyTA aH Apphy fuk 
PAU NA Lite HBF KGAGK Y1 Mel SURIZ/T aif OFeMIUF Osbof yaw 
+ Ud SOGGRU' zhOs Viola Lisi UF Lins OYE U’ zhi (RO YT & 
OUsD yaoky CSAS crip GEL +UA olf + MOLI kyHBF YL fae ink 
+ Apo | UGEA/fb GEA HRe NAL js OM A4eRIUF + rid CAT DX Sedh 
FeO fifpolf fi} FOKGAGIATA UG 4UF KUZE 
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5 A SGK% +.) Bho OSK@HF LUZH' AModApt w 'S" KEI HnA- 
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Na, Cl, S, Mn, C, O +UGUf YUHBF OT GF enpSThe EDS microanalysis ° 
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